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High precision measurement of the U-234 neutron-induced fission cross 
section 
F. Tovesson, A. Laptev 
Los Alamos National Laboratory 

F-. J. Hambsch, IRMM, Geel, Belgium 

Introduction 
The future nuclear reactor fleet is expected to include fast spectrum reactors as a means of closing the 
nuclear fuel cycle. Fuel Cycle Research and Development (FC R&D) is a Department of Energy (DOE) 
program whose mission is to develop the fuel cycle technologies that will meet the need for economic 
and sustained nuclear energy production while satisfying requirements for controlled, proliferation-
resistant nuclear materials management and is focused on fast reactor technologies for the recycling 
mission. The FC R&D program includes efforts to identify and quantify the nuclear data needs for a 
number of candidate reactor concepts and a nuclear data measurement program to deliver these 
priority data1. These fast reactor sensitivity studies have revealed the need for decreasing the 
uncertainties associated with actinide fission cross sections in the fast region2. Using techniques 
developed in earlier experiments3,4,5,6

U-234 is important in the nuclear fuel cycle, since it is transmuted to U-235 through neutron capture 
and also contributes to the long term waste issue of spent fuel. It is therefore of interest to further 
reducing the uncertainties of the fission cross sections of this isotope, particularly in the fast neutron 
region.    

  at the Los Alamos Neutron Science Center (LANSCE), a new high 
precision cross section measurement of U-234 will be performed to meet those needs. 

Experimental method 
The measurements will be performed at the LANSCE neutron source using the time-of-flight method to 
determine the incident neutron energies. Ionization chambers will be used for the fission counting by 
detecting the energy deposited in the chambers by fragments escaping from thin actinide samples. Both 
the WNR facility and Lujan Center will be utilized to cover the fast energy range. 

Fission will be detected using parallel-plate ionization chambers. These chambers are operated in pulse 
mode, and provide fast timing signals and good energy resolution. Thin (<200 ug/cm2) fissionable 
samples are placed on a cathode plate kept at negative voltage (nominally -300 V). The readout plate 
(the anode) is kept at ground, and is read out with a current sensitive preamplifier. The plate spacing is 
12 mm, and the chamber is filled with P-10 gas (90% argon + 10% methane) at about 24 PSI. In this 
configuration most of the fission fragments only deposit some fraction (about 1/3 on average) of their 
energy in the gas, which improves the separation between fission and decay alphas from the more 
active samples. The ratio between the fission fragment and alpha specific energy loss is much higher at 
the beginning of their track than at the end, so by only collecting the energy deposited at the beginning 
of the track the ability to distinguish alpha particles from fission fragments is enhanced.    



 

Each ionization chamber can hold up to four samples, so up to four channels are in use simultaneously. 
The RIS Corp. preamplifier  used to read out the anodes are high gain (nominal gain of 1000) and are 
current sensitive, with a very short decay constant compared to the charge collection time of the 
detector. The preamplifier output signal has a rise time of about 20 ns, and the time before the baseline 
is restored is about 230 ns corresponding to an electron drift velocity of 60 mm/us in P-10 at these 
voltages and pressures. The timing of the fast preamplifier signals are picked off with a constant fraction 
discriminator, which provides sub-nanosecond timing resolution.  

All fission cross section measurements are performed relative to a standard U-235 sample in the 
chamber. The 235U(n,f) cross section is considered a standard for neutron flux measurements at 25.3 
meV and from 150 keV to 200 MeV This reaction was also used as flux monitor at  energies where it is 
not considered a standard for neutron flux measurements. 

The U-234 sample will be supplied by the Institute for Reference Material and Measurements (IRMM) in 
Geel, Belgium. It is 200ug/cm2 thick, with a total amount of U-234 of about 1.5 mg. The enrichment is in 
excess of 99%. 

Beam request 
- We request 3 days for setup and 21 days of production running on the 4FP90L flight path. 

- 3 days of setup and 42 days of production running is requested for the 1FP5 flight path.  
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